Few can have escaped the growing alarm surrounding neurological and psychiatric disorders and society's inability to deal with them. A steady stream of headlines and commentaries paint a disturbing picture. Across much of the world the prevalence of Parkinson's disease (PD) is expected to double by 2030 (Dorsey et al., 2007) , whereas for dementia it is expected to triple by 2050, with an associated U.S. cost of $1.1 trillion (http:// www.alz.org/alzheimers_disease_facts_ and_figures.asp#prevalence). Although our capacity to treat stroke is improving, the absolute number of people who have a stroke each year and the global burden of stroke are increasing (Feigin et al., 2014) . The very young do not escape, with reported increases in prevalence of autism spectrum disorders (Blumberg et al., 2013 ) now estimated to affect 1 in 88 children living in the U.S. (Centers for Disease Control and Prevention 2012), in addition to ADHD (Visser et al., 2014) and other developmental disorders (Boyle et al., 2011) . In the U.S. in 2010 there were 2.5 million traumatic brain injury events, resulting in 2.2 million emergency department visits, and from 2001 to 2010 the number of TBI-related emergency room visits rose by 70% (http://www.cdc.gov/ traumaticbraininjury/get_the_facts.html). And the cost to society of serious mental illness was perhaps best summarized by NIMH Director Thomas Insel, who in 2008 estimated a total U.S. annual economic impact of $317 billion (Insel, 2008) .
Whereas there are many caveats to these numbers, and the projections in particular, a growing global population, the simultaneous aging of that population, and improved diagnosis and awareness of many of these disorders all lead to the conclusion that developmental, neurologic, and psychiatric diseases pose a major and growing challenge, with an associated and equally alarming cost (Moses et al., 2013) .
In comments made at the recent opening of the Ann Romney Center for Neurologic Diseases in Boston, Mrs. Romney remarked that via her advocacy she had learned that first come treatments, and then cures; and that effective treatments are arrived at via a better understanding of the cause. Sadly, there are no cures to discuss here. And whereas assessing our current understanding of causes, or what many would refer to as disease mechanism, is difficult, we can readily quantify our collective record at producing the pharmaceuticals that will dominate treatment for most patients.
Center Watch (http://www. centerwatch.com/drug-information/fdaapproved-drugs/) lists all drugs defined as new molecular entities (and therefore excluding generics, diagnostic agents, and new administrations of previously approved compounds) approved by the FDA each year. Whereas new pain and seizure medications are regularly approved (with a combined 31 approvals, 2004-2013) , the equivalent figure for all neurodegenerative diseases combined (including Alzheimer's disease [AD] , PD, multiple sclerosis [MS] , amyotrophic lateral sclerosis [ALS], Huntington's disease [HD] , etc.) is just seven. For the major psychiatric conditions of depression, schizophrenia, autism, and ADHD combined, it is just 14. More concerning still, the rate at which new drugs are reaching the market for these indications has been declining, and most of these drugs offer only symptomatic relief as opposed to disease modification.
Simply put, we are faced with a mismatch between a growing need for drugs to treat disorders of the nervous system, and our declining ability to produce such drugs.
While the explanation for this failure is complicated, much of it surely comes down to the innate complexity of the human nervous system and what that means for biomedical research: understanding form and function and how they are impacted by disease is painstaking; disease models, whether in vitro, animal, in silico, or otherwise, are at best incomplete and at worst misleading; useful biomarkers are few and far between; and clinical trials are, for all these reasons, often slow, administratively complex, and very expensive. For example, the exciting AD A4 trial that is right now getting underway will screen at least 10,000 individuals in order to identify 1,000 participants, from 60 participating sites, for a 3 year trial that will cost more than $100 million (Reisa Sperling).
Although we readily acknowledge that there are no quick or easy solutions to this challenge, persevering with the same approaches and structures does not seem wise. We must have the courage to examine the biomedical enterprise and make changes. To this end, others have made cogent arguments addressing a variety of important and relevant issues, including reshaping academic neurology (Martin and Moses, 2014) , conflicts of interest (Lo and Field, 2009) , new models for encouraging and rewarding biomedical research (Moses and Martin, 2011) , and the systemic weakness in the system (Alberts et al., 2014) . We applaud these efforts. Here we consider just one additional issue that we believe can improve our collective effectiveness, productivity, and efficiency: collaboration.
In making the case for a more collaborative biomedical research community, we are deliberately putting aside the often-discussed tension between basic, translational, and clinical neuroscience, however one chooses to define those terms. Although at the extremes it is possible to describe experiments and approaches that fall squarely into one bracket or the other, there is also significant overlap and crossfertilization. Too much has been made of perceived distinctions. More importantly, in the context of improving neurological health, they are all critical, and an assault on any one will limit progress. At a time when credible voices are asking whether it is time to rethink the whole enterprise, we are better off banding together than publicly squabbling about who deserves the largest piece of the pie. This is particularly important in light of the recent decline (constant dollars) in federal funding via the NIH and the resulting increased competition for grants (http://www.americanpro gress.org/issues/economy/report/2014/ 03/25/86369/erosion-of-funding-for-thenational-institutes-of-health-threatens-us-leadership-in-biomedical-research/).
Behavior Trumps Organization
At its core, the argument in favor of more collaboration rests on just a few observations. Collaboration can reduce needless duplication of effort; it can draw together teams of investigators that only collectively have the requisite knowledge, skills, and tools to complete the job; it can coalesce essential resources, financial and otherwise; it can create new energy, thinking, and drive; and it can take some of the heat out of the hypercompetition recently described in the biomedical research community (Alberts et al., 2014) .
Collaboration can emerge in many ways. Much of the university community is conservative in terms of organizational structure-independent investigators form laboratories, within departments, in schools that are part of universities-and does not present a particularly sympathetic or accommodating environment in which to build broadly collaborative structures. Major research and teaching hospitals have more flexibility. Although they are primarily defined by the size and quality of their clinical departments, they are less rigid in terms of how they define the functional units that foster research. It is not unusual to see groups of local investigators declare themselves a new intradepartmental center defined by a common theme or goal, whereas more ambitious initiatives might identify a group of investigators from different departments, but still within the same institution. Foundations can build collaborations without restriction. Occasionally leaders from within the research community will find philanthropic visionaries who enable them to establish entirely new institutes that provide an organizational blank sheet for designing the optimal collaborative environment. National or regional Blue Ribbon projects such as the European Unionfunded Human Brain Project or U.S. President Barack Obama's 2013 Brain Initiative, both 10 year, billion dollar programs (if the full budgets are realized), are explicitly presented as intensely collaborative enterprises.
In all cases, collaboration will only emerge and thrive in a significant way if it is made a priority. The business community coined an expression to this effect: ''Culture trumps strategy.'' In the biomedical research community, the equivalent sentiment might be ''Behavior trumps organization.'' If leaders are not transparent about their desire to see collaboration flourish, if the community does not recognize and reward collaborative behavior, and if funding does not support collaboration, no amount of strategic thinking or organizational structure will enable it. However, given the right leadership, effective collaboration at any scale can flourish throughout the biomedical research community. Here we present just three examples.
Neurogenetics Consortia
The genetics community is a prime example of the value of collaboration. During the late 1990s and into the early 2000s the genetics research literature was teaming with relatively small linkage and then association studies aimed at uncovering susceptibility genes for a growing number of complex diseases. Most of these studies emerged from single or small groups of labs, and in hindsight it is not surprising that for the most part they added very little to our understanding of genetic risk: the cohort sizes were too small, and the number of markers assessed too few to detect loci with small effect sizes. As array-based technology rapidly matured and became commonplace, it outpaced an individual investigator's ability to collect the many thousands of patient and control DNA samples that could now be accommodated in a single experiment. Investigators started pooling their cohort resources, giving rise to many national and international genetics consortia that have over the past decade conducted genome-wide association studies on a scale that was beyond the reach of any individual group.
For example, the International MS Genetics Consortium was founded in 2003.
In the approximately 24 months preceding its launch, at least 20 MS linkage and association studies were published. None of them identified new MS risk loci! Within a year of its launch the consortium had published the largest linkage study of MS to date (Sawcer et al., 2005) and determined that even larger cohorts would be needed. In 2007 it identified and published the first new MS risk alleles to be discovered since 1972 (Hafler et al., 2007) and since then has used a series of progressively better-powered experiments that have enabled the discovery of more than 100 MS risk loci (De Jager et al., 2009; IMSGC and WTCCC2, 2011) . The IMSGC now comprises investigators from 32 institutions across 18 countries. Similar consortia approaches and discoveries have been described for AD (Naj et al., 2011 ), schizophrenia (Purcell et al., 2009 ), stroke (ISGC and WTCCC2, 2012 , PD, ALS, and others. In each case, the collaborative approach to unearthing disease susceptibility loci resulted in better science, faster, and at less cost. And to our knowledge each consortium has also committed to making their results as widely available as possible, eliminating the need (beyond essential replication experiments) for others to needlessly repeat the work at further cost and effort.
Longitudinal Cohorts
Much disease-based biomedical research relies on access to biospecimens from well-characterized populations. Features that distinguish the most-valuable cohorts include the size of the cohort, the number of years the cohort has been followed, the richness of the clinical data collected, the range and quality of the biospecimens, and the rigor of the process whereby experimental noise and other variables are minimized. Whereas it is challenging for individual investigators to amass sufficiently large cohorts for genetic studies, it is even more challenging for individual groups to recruit large cohorts for durable, high-quality longitudinal studies, and to provide access to the collections to the broader biomedical research community. As a result, multiyear longitudinal cohorts such as the Framingham Heart Study, for example, are relatively rare and have had a profound impact on biomedical research, in that case enabling more than 1,000 publications, often extending beyond the initial aims of the study. Within the neuroscience community, the Religious Orders Study (Bennett et al., 2012) , founded in 1994, has had an enduring impact on the study of aging and AD.
Evident from these and other longitudinal studies is that the depth and quality of phenotyping of the cohort is critical. As powerful new neuroscience techniques have emerged, many investigators are exploring the possibility of developing deeply phenotyped, longitudinal cohorts to study the development and progress of specific pathologies; shed light on the underlying disease mechanism; examine response to drugs; or cluster patients into groups based on underlying disease course.
For example, the Harvard Biomarkers Study has recruited more than 2,300 subjects made up of approximately equal numbers of AD, PD, and healthy agematched control subjects. Each is seen annually for a detailed clinical visit and collection of biospecimens (often including cerebrospinal fluid, CSF) and put through a battery of cognitive, memory, behavioral, physical, and quality-oflife assessments (Mohammadi, 2013) . A subset of the subjects also receive PET imaging of amyloid-beta and tau, and MRI, and many have also consented to skin biopsies for the purpose of creating iPSC lines. Critically, the consent that these subjects have selflessly provided allows us to share data and specimens.
The cohort is only possible because three program codirectors from three institutions agreed to work together, two dozen neurologists agreed to provide access to their clinics, and a range of investigators agreed to collaborate on the longterm investigation and phenotyping of a shared cohort, including those with expertise in imaging, biochemistry, drug discovery, AD biology, PD biology, stem cells, and more besides. A collaborative approach to funding the program is also required, and includes federal, philanthropic, corporate, foundation, and disease-based organizations. As a result, they have created a richer, deeper, and larger collection than any one of them could have assembled on their own, and they are providing access to the collection to investigators around the world, thus extending the value of the cohort well beyond the local community.
Expanding the Precompetitive Research Space
In many ways the academic biomedical research community has no excuses when it comes to collaboration. We mostly work within a not-for-profit world committed to advancing society via research and medicine. Collaboration should be the rule rather than the exception. In contrast, the for-profit sector is a more challenging environment in which to foster collaboration. Programs must take into account the competitive nature of the biotechnology and pharmaceutical industries and the zero sum game of selling drugs to treat a finite population of patients. Any collaboration must satisfy the business needs of the participant. Some flavors of collaboration are straightforward. When a company develops a drug for which it does not have an existing marketing and sales force, it may work with a partner to meet its business needs. However, sector-wide collaboration in the early, discovery stages of biomedical research is more challenging and far less common. But it is possible.
Although there are exceptions to the rule, for the most part it is the academic research community that advances basic research, and companies that invest in the arduous and complicated process required to convert those advances into products and services for patients. Some companies reach quite far back into the basic science world with significant and highly respected internal research arms, whereas others wait for more mature discoveries before getting involved. In all cases, the constant and long-term attention to their product pipeline requires each company to monitor the emerging science and identify those discoveries that may contribute to the future development of products. For a company to remain competitive, this need for constant vigilance must involve far more than simply staying abreast of the published literature. Emerging discoveries and new directions must be identified as early in the process as possible, necessitating teams of company scientists to visit academic research centers, attend conferences and seminars, and otherwise be part of the early-stage biomedical research community. Yet the various companies are essentially asking the same questions of the same community of academic investigators. As currently structured, this is a needlessly repetitive and highly competitive process-the early bird catches the wormthat leaves little room for sharing ideas.
What, therefore, is the argument for collaboration that both satisfies the research discovery needs of the company and makes economic and business sense within a very competitive industry? Simply put, it's alignment. If a collaborative program can cost-effectively meet the discovery needs of a company while not providing an asymmetric advantage to its competitors, it is worthwhile.
Within the neuroscience pharma space there are many immediate needs shared by multiple companies. For example, thanks in large part to the success of the various genetics consortia, the large number of genetically defined potential drug targets has given rise to an embarrassment of riches. However, most of these potential targets lack biological evidence of their role in the disease process or experimental evidence that the target protein or pathway is druggable, and it is beyond the scope of even the largest companies to launch exploratory programs aimed at assessing and prioritizing all of these many early leads. Similarly, most companies with a neuro program would welcome the discovery and validation of diagnostic, prognostic, or therapeutic response biomarkers, particularly for slow-progressing, complex disorders such as AD or schizophrenia. The creation of iPSC lines from well-characterized patients is another tool that many companies would like access to.
The Massachusetts Life Science Center (MLSC) took advantage of these shared aims and the region's rich academic neuroscience community to create a program in which several companies collaborate in an enlarged, precompetitive space. The program, known as the Massachusetts Neuroscience Consortium (http://www.mass.gov/governor/ pressoffice/pressreleases/2012/2012206-governor-announces-neuroscience-con sortium.html), invites the state's academic neuroscience community to propose projects that will validate targets for neurodegenerative, psychiatric, pain, and neuroinflammatory diseases or otherwise advance the field. Via this single RFA process the companies (AbbVie; Biogen Idec; EMD Serono, Inc.; Janssen Pharmaceutica; Merck; Sunovion; and previously Pfizer) pay a virtual visit to each of the state's academic neuroscience groups to ask them what they are working on and whether it has long-term commercial prospects. The companies discuss and identify the most exciting proposals and support them via a common fund established by the companies but held by the MLSC. The companies interact closely with the academic investigators and each other, offering suggestions on how to make the research more relevant and providing additional resources or tools. This collaborative phase of the work is free of any intellectual property or licensing issues. When the projects are complete, the data are shared with all of the companies, each of which can then make an individual decision on whether they would like to pursue the work further.
When the idea for this consortium was first floated in 2009, it prompted skepticism that companies in the highly competitive neuropharma space would enter into any sort of multi-institutional or multicorporation agreement. However, the shared desire to be exposed to very early, emerging basic research; a common interest in establishing viable targets for further development; the precompetitive nature of the proposed research; and recognition that by pooling resources each company could in effect leverage their investment proved a compelling argument for a new type of public private partnership that has resulted in academia-industry and industry-industry collaboration.
Quality Research
An additional benefit to these and other coordinated and collaborative approaches relates to replication and rigor. Although the issue of scientific rigor and the importance of either replicating work or, when replication alludes, publishing negative studies that call the original observation into question has been most recently discussed in the context of behavioral psychology, it is relevant to all fields (Ioannidis, 2005) . Collaboration alone will not adequately address this issue. However, by pooling investigators from different disciplines, departments, or institutions into a single study, it helps in at least two significant ways. First, diverse collaborative groups have some measure of built in quality control. Errors, biases, and even deliberate misinformation are unlikely to survive the scrutiny of a larger group who may come to the work with different assumptions, who collectively have a wider range of analytical skills, and all of whom are unlikely to be vested to the same degree in a particular result. For example, anecdotally, the scrutiny that projects funded by the Massachusetts Neuroscience Consortium receive often includes a valuable skepticism that in turn demands stronger evidence for claimed effects. Second, size matters. Large collaborations may present a stronger consensus on the interpretation of results. This may be particularly important when considering negative results. Within the genetics community, for example, not only are the findings from small-scale studies less likely to be true (Ioannidis et al., 2001 ), but small, negative-association results are often difficult to publish. However, the same result emerging from a large collaborative study is less likely to be dismissed by editors and reviewers, given the presumed definitive statement that it makes.
Leadership Is Key
The scale of the unmet need in neurology and psychiatry is daunting, and our collective track record at treating, preventing, and curing these disorders is not inspiring. However, progress in basic neuroscience and in developing ever more powerful research tools has been significant and has led to a long list of urgent studies to be undertaken and programs to be developed. Biomedical research is expensive and severely cost constrained, and we cannot afford to pursue all of these studies in an uncoordinated manner. We must look for more efficient and effective paths forward.
Whereas it was once reasonable to assume that the most important discoveries would emerge from individual research groups, and there will likely always be a case for some measure of that, modern biomedical neuroscience is increasingly complex and dependent on a foundation of remarkable tools, technologies, and other resources that are beyond the capacity of small groups. As a result, whereas we should continue to encourage and reward the small group striving to make fundamental discoveries, we should simultaneously recognize that the nature of biomedical research is changing in favor of larger-scale and technically more diverse approaches. We need the artisan and the factory. Throughout the biomedical research ecosystem, university, hospital, industry, funding agency, foundation, and philanthropic leaders should ask themselves if their aims would be better served via a more collaborative approach. The answer will not always be yes; but when it is, they must be willing to make changes to accommodate it. In the biomedical research community we exhort young investigators to think outside the box, to be bold, and to challenge dogma. The need for innovation is taken for granted. That attitude should apply to the organizational structure, funding, and leadership of the research community just as much as it does to our next experiment. New collaborative structures should be part of that innovation.
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